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SUMMARY 



The effects of direct ion of pr opeller rotation on 
factors affecting the longitudinal stability of the XB-28 
airplane were measured on a l/lO-scale model in the 7- by 
10— foot tunnel of the Ames Aeronautical Laboratory. The 
main effect observed was that caused by regions of high 
downwash behind the nacelles (power off as well as power 
on with flaps neutral ) . The optimum direction of propel- 
ler rotation, both propellers rotating up toward the fu- 
selage, shifted this region off the horizontal tail and 
thus removed its destabilizing effect . Rot at ing both 
propellers downward toward the fuselage moved it inboard 
on the tail and accentuated the effect , while rotating 
both propellers right hand had an int erme&iat e f esult ♦ 

Comparisons are made of the tail effects a| measured 
by force tests with those predicted from the point-by- 
point downwash and velocity surveys in the .region of the 
tail. These surveys in turn are compared vith the results 
predicted from available theory, 

INTRODUCTION 



At the request of the Bureau of Aeronautics, Navy 
Department, tests were conducted on a l/ 10— scale mcndel of 
the XB-28 airplane in the 7- by 10-foot tunnel 2 to de- 
termine the effect of mode of propeller rotation on the 
longitudinal stability characteristics. The results of 
reference 1 showed the marked effect which the mode of 
propeller rotation has on the longitudinal stability 
characteristics of the XB-28. *The purpose of the tests 
reported herein was to measure the changes in dd^n#ash 
and velocity distribution in the region of the horizontal 
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tail surface associated with the various modes of propel- 
ler rotation, thereby establishing a "basis for the change 
in the longitudinal stability characteristics. 



MODEL AND APPARATUS 



The l/lO-scale model of the North American XB-28 
airplane was furnished .by North American Aviation Inc. 
figure 1 is a three-view drawing of the model, and figure 
2 shows the model as it was mounted in the tunnel. 

The model dimensions were as follows: 

S- wing area (6.759 sq ft) 

c mean aerodynamic chord (1.001 ft) 

b wing span (7.261 ft) 

D propeller diameter (1.388 ft) 

The model configuration was maintained throughout 
the tests as shown* in figure 1 except that the horizontal 
tail, which had a dihedral angle of 7.5°, was removed for 
surveys and f or "tail off " force tests. 

Three four-blade, 1 . 3 88-f ee t~diame t er propellers 
were furnished with the model. Two were right-hand pro-s- 
pellers and one left-hand. The pr ope Hers were set at a 
blade angle of 40.5° at the 0.75H station throughout the 
tests . 

A calibrated 0,25-inch diameter directional pitot 
tube was for the poinWby-point surveys. The tube was 
mounted on a strut which enabled it to be moved vertical- 
ly, longitudinally, and laterally from outside of the test 
section. 

COEFFICIENTS AND SYMBOLS 

♦ i . 

The results of the tests are given in the form of. 
standard NACA coefficients of forces and moments based on 
model wing area , wing span , and mean aerodynamic chord. 
All moments are giv,en about the center-of— gravity loca- 
tion on the fuselage reference line at 26 percent of the 
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mean aerodynamic chord. The data are referred to the 
wind axes* Since all the tests were conducted at zero 
yaw, the wind axes correspond with the body axes. 

The coefficients and symbols used in this report are 
as follows : 

Coef f ic ient s 

D 

resultant drag coefficient, ™ 

L 

C T lift coefficient, — 

M 

C pit ching— moment coefficient, 

m qSc 



C m ^ pit ching— moment coefficient due to the horizon- 

tal tail, — 5- 
qSc 

where 

D force along X axis; positive when directed backward 

L force along Z axis; positive when directed upward 

M pitching moment about Y axis; positive when it tends 
to raise the nose 

M t pit ching— moment horizontal tail -on less pitching— 
moment horizontal tail off 

q, dynamic pressure, -p7 2 

2 

S wing area (6.759 ft)< 

c mean aerodynamic chord (1.001 ft) 

The following propeller coefficients were used: 

rp 

T c propulsive thrust coefficient, ^S^S 

T c 1 effective thrust coefficient, — -§—3 
V pY D . 

— advance diameter ratio 
nB 

T propulsive thrust of one propeller and nacelle com- 
bination 
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T e effective thrust , T-&D 

AD increment of drag due to increased velocity in 
slipstream of propeller 

p mass density of air in slugs per cubic foot 

V airspeed in feet per second 

D propeller ■ diameter (1.388 ft) 

n propeller rotational speed in revolutions per second 
Symbols 

a angle of attack of fuselage reference line, degrees 

a u uncorrected angle #f attack of fuselage reference 
line , degrees 

a t resultant aerodynamic angle <£ attack of the liorizon- 
tal tail (a^ - a + i ^ — .€ } 

i t angle of stabilizer setting with • respect to fuse- 
lage reference line, degrees (positive with 
trailing edge down) 

€ downwash angle measured from the longitudinal wind 
axis , degrees 

— ratio of local dynamic pressure t o free— stream 
*o dynamic pressure 

P pr opeller-blade angle setting at 75 percent radius 



TABE AND TUMEL—WALL C0HRECT10IS 



The lift, drag, pitching moment, and downwash have 
been corrected for tares caused by the struts. These tares 
were obtained from preliminary power-off tests, not pre- 
sented in this report. 

The angles of attack, drag coefficient , pitching— 
moment coefficient, and downwash angles have all been cor- 
rected for tunnel-wall effects. The jet-boundary correc- 
tions used were computed as follows and are all additive. 
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ssc L 

Aa° = X 57 «3 

C 

A €° ' = — — - X 57.3 

C - 

s 



6SC L 



A „ f&iSCA / dC M \ q 



t 

where 

6 = 0.114 6i = 0.080 6 2 = 0.194 
dC ffi 

.1 = 0.030 (from force tests) 



— » 1 (assumed) 
q 



S - 6.75 9 square fe.et 
C - 70 square feet 



DESCRIPTION OP TESTS 



The purpose of these tests was to measure the changes 
in downwash and velocity distribution in the region of ^the 
horizontal tail surface associated with various directions 
of propeller rotation. Two methods were used. The first 
method consisted of direct measurement of the stream angles 
and dynamic pressure with a calibrated pitch and yaw survey 
tube. A point— by— point survey was made across the tail 
span on a line corresponding approximately to the 25-per- 
cent chord line of the horizontal tail surface. The loca- 
tion of the survey line was 31.91 inches aft of the center 
of gravity (measured along the thrust axis) and 3.35 inches 
above the center of gravity (measured perpendicular to 
the thrust axis)." Headings were taken starting 2\ inches 
from the center line of the fuselage and progressing out 
in 1— inch increments. The set— up and apparatus used for 
these measurements are shown in figure 3. 



The average downwash was also measured indirectly by 



6 



determining the angle of, zero lift of the horizontal tail 
surfaces . F or this purpose force tests were made with 
the horizontal tail surface incidence of 3.5°, 1.5°, 0°, 
-1*5° , -3.5°, -5.5°, and -7.5°. Figure 2 shows the model 
as mounted in the tunnel for force tests. 

The tests outlined above were made power off and 
with propellers operating in the following directions. 

1. ^ Both propellers rotating right hand 

2. C/ \J Both propellers rotating up toward the 

fuselage 

3 * O O Both propellers rotating down toward 

the fuselage 

All propeller operating—runs were made with a "blade 
angle of 40.5° , at thrust conditions simulating steady, 
flight at rated power (1625 hp, 1020 rpm at 25,000 ft)^ 
throughout the speed range. The computed thrust coeffi- 
cient (T c ) versus C L curve, which was matched in the 
running of the tests, is shown in figure 4. The computed 

T c versus ( — for the model propeller at a "blade angle 
of. 40.5°, which was assumed, and the measured effective 

thrust coefficient (T *) versus ~, are shown in fig- 

c nB 

ur e 5 . 

RESULTS 

The results are presented in figures 6 to 14. Fig- 
ures 6 and 7 show the variation $g lift and drag coeffi- 
cient against a, for the various modes of propeller 
rotation, horizontal tail-off and horizontal tail-on 
i t a 1.5°. Figures 8 to. 11 present t he f ollowiiig char- 
acteristics for the various directions of propeller ro- 
tation. 

(a) Point-by— point downwash across horizontal tail 
span at approximately the 25— per cent chord 
line 

(h) Point by point <l/<l 0 across the hor iz ontal 
tail span at approximately the 25-percent 
chord line 



? 



(c) Effect of stabilizer setting on the pitching- . 

moment .coefficient • - 

(d) Pitching-moment coefficient of the horizontal 

tail versus angle of incidence for various 
angles of attack 4 «* 

(e) Point-by-point tail effectiveness factor 

I — ^local a t J across the horizontal 

tail span for an jangle of incidence of the 
' stabilizer of 1.5 0 ,," . ' ' 

The average downwash angles, as obtained from the 
point-by-point survey, are $hown in figure 12, The aver- 
age downwash from the angle of zero pit ching-moment coef- 
ficient of the horizontal tail is shown in figure 13. 
Figure 14 shows the variation^ of average tail effective- 
ness factor for power off ,an<| the three directions of pro- 
peller rotation versus angle of attack. 

.DISCUSSION 



Sxamination of the point— by—point power— off downwash 
survey (fig* 8(a)) shows regions of high downwash behind 
the nacelles at angles of attack ab<SYe 5°.. These regions 
have a marked destabilizing influence, They are probably 
caused by the "inwash" into the nacelle wake (treated 
quantitatively for two-dimensional wakes in reference 2) . 
and the variation in lift over the span of the wing occu- 
pied by the nacelles* The major portion of the effects 
of propeller operation on stability can be traced to the 
shifting of these .regions of downwash with various modes 
of propeller rotation, - 

With power off the outboard 22 percent of the hori- 
zontal „t s ail is immersed in this region of high downwash. 
However, the longitudinal stability power off is satis- 
factory, the slope of the pitching-moment curve remaining 
approximately 'constant throughout the angle- of-attack 
range tested. 

Wiijh feoth propellers rotating up toward the fuselage, 
both these regions are shifted outboard (since the tail 
plane is --in the upper half Of the slipstream) almost; com- 
pletely off the tail* The removal the destabilizing 
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effects of this downwash region just about cancels the 
effects of the normal increase in downwash caused by the 
inclination of the thrust axis * As a result there is 
very little difference between the power off and the power 

dCuj. / dCui + dOm . 
on & { 5. « — 0*211 power on compared to ^=-0.253 

Ml \m l * * dC L 

; v power of f J. 

>$h&&U*,Ay The 0 pp 0S ite effect to that outlined above occurs 
• ^ With both propellers rotating down toward the fuselage. 
k u The region's of high downwash "behind the nacelle are shift- 
ed inward to the larger chord portions of the tail (see 
, „fig. 11(a)), so that a larger tail area is affected. A 
. ^T^seeondary effect also occurs* At the higher angles and 

power conditions , the downwash "behind the nacelle is high 
enough to cause a reversal in the angle of attack of the 
portion of the tail in this region, giving a downward 
^(destabilizing) tail lift instead of an upward tail lift. 
'?his reverses the normal stabilizing &f feet of the in- 
creased velocity in the slipstream and causes it to have 
a destabilizing effect. This phenomenon is illustrated 
quantitatively in the plots of "tail effectiveness factor" 
versus tail span. The tail— effectiveness factor is taken 
as a-fc c i oca i <l/<i 0 » the three factors of which tail lift 

is. a function. The. negative peaks (indicating negative 
lift, which is destabilizing in this, case) which are evi- 
dent on figure 11(e) are increased negatively by the higher 
velocity in slipstreams. All the effects outline above 

combine to decrease the average with both propel- 

dG L 

lers rotating down toward the fuselage. 

Both propellers rotating right hand gave stability 
-intermediate between the two other modes of rotation. 

The destabilizing influences predominate; however; this 
I is due in part to the reversal of the normally stabiliz— 
f | ing effect of the increased velocity over a large portion 

*f the tail in the slipstream. A ~£S1 of -0.184 results, 

dC L 

If considerations other than aerodynamic make it in- 
advisable to use the optimum mode of propeller rotation, 
both propellers rotating up toward the fuselage, two 
means of minimizing the unfavorable effects of both pro- 
pellers rotating right hand suggest themselves. The 
first is a movement of the tail upward far enough to get 
it out of the region affected by the slipstreams. However, 
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results of surveys (not shown in this report) indicate 
that a 3— inch vertical movement on the mode 1 (30— in . 
full-scale) would he required for any appreciable im- 
provement. This would put the tail well up on the ver- 
tical fin. A second solution would he a change in the~\ 
incidence of the nacelle so as to minimize the intense \ 
downwash behind it at high angles of attack. Model con-A 
struction did not permit tests of such a modification. 1 
This change would he accompanied "by two other favorable \ 
effects . The inclination of the thrust axis would cause \ 
the thrust to give a diving moment and would also decrease 
the downwash in the slipstream itself, (both effects would\ 
increase stability). — ■ ^ 

The shift in the regions of downwash noted above is 
caused by the "shearing" of the upper and lower halves of 
the slipstream after it has passed over the wing (noted 
by other observers; see references 3 and 4). An attempt 
to compute the amount of this shift has been made, after 
the manner of reference 4. It is assumed that the verti- 
cal components of the rotational velocity are completely 
damped out as they pass over the wing, leaving the lateral 
components only, which cause the translation of the upper 
half of the slipstream in one direction and the lower 
half in the other. The circular-velocity contours are 
distorted into oval shapes . 

Actual computation of this shift of necessity in- 
volves a number of as sump t ions and the neglect of sec- 
ondary variables. The computation was made as follows: 
The trapezoidal-torque and thrust— grading curves of fig- 
ure 15 were assumed. These would give velocity contours 
immediately behind the propeller (and before passing over 
the wing) as shown by the dotted lines in figure 16(a) 
for a T c of 0.131. Downwash contours due to the pitch 
angle of the propeller ^axis also would be circular. Fig— 
ure 16(b) shows these cent our s c omput ed by the method of 
reference 5, with the additional refinement of assuming a 
trapezoidal distr ibut ion of downwash across the diameter 
of the slipstream and taking into account the average up- 
wash in front of the wing (which adds to the effective 
pitch angle of the propeller axis). itfote that these, con— 
t ours do not include the downwash component of the rota- 
tional velocities in the slipstream. The solid lines of 
f igur e s 16 (a) and (b) show the distorted c ont our s in the 
region of the tail, based on the assumption outlined above 
that the vertical components of the? rotational velocity 
(computed from the assumed torque grading) are completely 
damped out by the wing. 
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These downwash angles (€p) due to the slipstream 
were superimposed on the downwash angles (e v ) due to the 
wing (computed from reference 6). The location of the 
tail in the slipstream was then computed in the manner 
shown diagrammat ically in figure 17, where € p was taken 
as the average slipstream downwash. 

The downwash distribution across the tail span com- 
puted "by the above method is shown for a range .of angles 
of attack and T c in figure 18(a) for both propellers 
rotating down toward the fuselage and in figure 18(b) for 
both propellers rotating up toward the fuselage. Inspec- 
tion of these curves indicates that a fair approximation 
of the &hift of the slipstream due to the shearing effect 
is obtained. The fact that the experimental results ex- 
ceed the computed results, despite the extreme assumptions 
made in the computations, indicates that secondary effects, 
possibly the effect of the nacelles and fuselage and the 
increase in thrust and torque on the downcoming blade of 
the pitched propeller are important, 

Downwash computation$ made in the manner outlined 
above and integrated acros.s the tail span were used to 
determine the variation of € av versus a, shown on fig- 
ure IS. The difference between the computed and the ob- 
served downwash is due almost entirely tc the increased 
downwash near the fuselage and behind the nacelles. Bet- 

d€ 

ter agreement is obtained, however, on the slope — , 

dC m da 

which is one of the factors on which --- will depend. 

dC T 

d£ 

Computed values of -> — are appr oximately t he same as 
test values . .da 

A comparison of the average downwash determined from 
an integration of the point— by-po int surveys with that 
determined from the angle of zero lift of the tail is of 
interest. Figures 12 and 13 show that the point-by-point 
me t hod measures b oth higher abs olnte values of € and 
higher slopes (dc/da). The tail would be expected to 
"weight" its average of e on the basis of (q/q 0 ) local 

and c iocal* Both of these' effects, however, would work 

in the opposite direction to the one observed, since high 
€ occurs in the region of high q/q o and large chord, 

and the average c determined by the tail should be 
higher than that determined from the point— by— point aver— 
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age. Apparently the "jet" effect of the slipstream and 
the extreme variation in downwash combine to make the tail 
minimize the imposed changes in angle. The <iualitat ive 
conclusion may be reached that the changes in stability 
which would be predicted from local flow conditions over 
a tail in the slipstream will be conservative, that is, 
they will exaggerate the effect. 

The tendency of the tail to minimize the effect of 
local flow changes is also shown by the variations in tail- 
effectiveness factor shown on figure 11(e), The change in 

dC m 
m^ 

— — — associated with this factor may be deduced from the 
following relations 

I 



' m tail 



_t 
Sc 



dC Lt 



da, 



2 

,bt a t 

2 



q/q 0 c t 



(i) 



dC 



m t 



dC- 



l t*t 



fSa t -q/q 0 c t " 



S c da 4 



da 



J. da 
' dC T . 



(2) 



— = -i.o — i 

dC T , da* 



da d[ayerage I.E. J.] 



da 



dC 



Tahle I compares the computed "by equation (3) 

dC L 

with that actually measured in the force tests. 

TABLE I 



(3) 



Computed 


Force test 


Direction of 

propeller 

rotation 


dTIF 
da 


dO Lt 
da t 


da 

dc L 


d S 

dC L 




dGm t 
da 


da 
dC L 


dC 

m t 


(i) 

(2) 

(3) 

Propeller off 


0.21k 

Ml 

.129 

• 353 


0.066 

V 


10.65 

13^50 


-0.151 
-.310 
-.133 
-.315 


Propeller off 


-O.OI79 
-.0211 
-.0107 
-.0209 


10.25 
10.00 

11.32 

12.10 


-O.lgU 
-.211 
-.121 

-.253 
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The same trend is observable in "both, but 
puted values predict a greater effect of power 
actually- measured. * - : 

CONCLUSIONS 

1. The greatest single effect of power on' the longi- 
tudinal stability of the XB-2 8 is due to the shift of the 
intense regions of downwash behind the nacelles. This 
shift is mcrsi; favorable for both propellers rotating up 

dCnj 

toward the fuselage, giving approximately the same ~— 

dC^ 

as power off. - With the opposite rotation the airplane 
becomes slightly unstable at high angles of attack. The 
customary direction of rotation, both propellers right 
hand , has an intermediate effect * 

2. The theory fails in the computation of the abso- 
lute value of downwash because of the neglect of the ef- 
fects of the nacelle and fuselage. Fair agreement, how- 
ever, is obtained for — ♦ 

da 



the com— 
than wa& 
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National Advisory Committee for Aeronautics, 
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Figure Force test set-up for 1/10 scale modal of Worth American XB-28 airplane, 
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Figure 3,- Point by point survey set up for l/lO scale model of North American XB-28 airplane, 
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Fig. j 1(e) TZatf/Jjeffect/Msness factor*. V&rta&on of xC^^f across 
hottzo&taJ fat/~$p&sr for / t =A<5Z Both pr~&fsmJter& 
r*&t&tj*rg cfawn tcs+tttptcf the. *&£>e/o$m . /8~ 
&afed power * torse power ar 25,000 femf* 
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Figure 17.- Diagramatical sketch of downwash 
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